lowed by air blasting; the dual-cured dentin bonding agent (Clearfil Photo Bond, Kuraray, Osaka, Japan) was applied and irradiated for 10sec prior to placement of the resin composite filling. The marginal integrity was inspected under a light microscope and the width of the possible marginal gap was measured with a screw micrometer (Eyepiece Digital; Leitz, Wetzlar, Germany) mounted on the ocular lens of a microscope (Metaloplan; Leitz, Wetzlar, Germany).
The gap width measurement was performed at eight points every 45 degrees along the cavity margin, and the contraction gap value was expressed by sum of the diametrically opposing widths in percentage to the cavity diameter. The contraction gap of the specimen was presented by the maximum of the four contraction gap values. After the marginal gap width measurement, the specimen was sectioned along the long tooth axis through the center of the cavity and the section of the specimen was polished on wet carborundum paper followed by polishing on a linen cloth mediated with an alumina slurry as presented in Fig. 2 . The cavity adaptation of the resin composite was inspected under a light microscope, and the maximum gap width at the occlusal, axial and apical dentin cavity walls was measured with a screw micrometer. The placement and polymerization of the resin composite including the gap width measurement were carried out by the same method as for the commercial dentin bonding systems. Ten specimens for each cavosurface angle and dentin bonding system, 120 in total, were prepared.
RESULTS
The gap widths measured are presented in Tables 1 and 2 . Complete adaptation, both in the marginal and sectioned cavity observation, was obtained with the experimental dentin bonding system regardless of the cavosurface angle. In the two commercial dentin bonding systems, complete marginal sealing was observed when the cavosurface angle was increased to 150 degrees. However, observations of the sectioned cavity, revealed that complete cavity adaptation was not obtained even when the cavosurface angle was regulated to 150 degrees. EFFECT OF CAVOSURFACE ANGLE ON DENTIN CAVITY was 1.5mm. The cavity floor radius (r) of 120 degrees, the cavity depth (h) of 150 degrees and the length of the cavity wall (L) were determined by the cavosurface angle and diameter (Fig. 3) . In addition, the relationship between the marginal gap and the proportion of free surface to adhesive surface or volume of composite is shown in Figs. 4 and 5; as shown in the figures, high correlation was recognized between the contraction gap and these two factors. In particular, the gap width exhibited an extremely high correlation with the proportion of free surface to adhesive surface of the composite; Pearson's coefficient of correlation was -0.696 for LB2 and -0 .523 for SB, and the probability of correlation in both groups was higher than 99%.
DISCUSSION
The primary requirement for a dentin bonding system is to maintain a bond between the resin material and the three-dimensional dentin cavity wall until polymerization of the resin composite is complete. However, the efficacy of dentin bonding systems has been widely evaluated by measuring the bond strength of the resin composite to the two-dimensional flat dentin surfaces. The bonding mechanism has been proposed based on observation of the ultra-microstructure at the sectioned resin-dentin adhesive interface. By these measurements and observations, the detailed bonding mechanism of dentin adhesives has been explained by resin monomer impregnation into the interfibrous network of the dentin collagen which is exposed by decalcification of the dentin conditioner, then expanded by dentin priming12-16). However, it has not been possible to evaluate the interaction between the efficacy of a dentin bonding system and the contraction stress of the resin composite or the behavior of the resin composite in the cavity during polymerization shrinkage because the specimens for the above mentioned investigations were conducted using dentin rod coated with dentin adhesives or using a resin composite cylinder bonded to a flat dentin substrate.
With respect to bond strength measurement, adhesive fractures in the dentin and cohesive fractures in the resin composite cylinder were frequently experienced in bond strength measurement whereas these two failures are not observed in contraction gap measurement. It should be noted that contraction gaps are observed between the top surface of the dentin and the resin composite despite the formation of a hybrid layer17). It is possible to speculate that monomer diffusion into the etched dentin to form the hybrid layer is not essential for cavity adaptation between the resin composite and the dentin cavity wall. Therefore, it was apparent that bonding efficacy of the dentin bonding system should be evaluated by observation of the marginal integrity of the resin composite in the cavity rather than by measurement of the load required to destroy the two-dimensional bond between the resin composite and the substrate dentin. From a clinical point of view, the most important requirement for a dentin bonding system is maintenance of the bond between the unpolymerized resin composite paste and the dentin cavity wall until polymerization is complete. Clinical failure of the dentin bonding system is detected as the separation of the resin composite from the cavity wall just after polymerization of the composite. The gap is frequently detected by the explorer along the cervical margin where enamel the cavity wall is thinnest.
The marginal integrity of a resin composite obtained just after irradiation is ensured by the elastic stress from the center of the resin composite toward the cavity wall, which is generated by water absorption of the resin composite.
In addition, after the completion of polymerization of the composite, the cavity adaptation of the resin composite should be promptly inspected to eliminate the effects of volumetric expansion by water absorption of the resin composite which might close the possible contraction gap18).
In this study, contraction gap formation both at the cavity margin and in the sectioned cavity was prevented completely in only one group, in which the experimental dentin bonding system was applied prior to the resin composite filling even when the cavosurface angle was a minimum of 90 degrees. In two commercial dentin bonding systems, contraction gap formation was minimized when the cavosurface angle was as large as 150 degrees, although gap formation could not be completely prevented as revealed by observation of the sectioned dentin cavity. This improvement of marginal adaptation of the resin composite by an increased cavosurface angle can be explained by the proportion of free surface to adhesive surface or the volume of the resin composite. High correlation was observed between the marginal gap width and the proportion of free resin composite surface to adhesive surface of the restoration in this study. This finding suggests that the marginal sealing of the resin composite restoration was effectively improved by the flow of resin composite from the free surface. In the bond strength measurement, the proportion of free surface to adhesive surface theoretically increased more than 1.0. In addition, it is thought that contraction gaps are never formed between flat dentin and a resin composite. To explain the mechanism of dentin bonding system for resin composite restoration, specimens should be prepared consistently with a proportion of free surface to adhesive surface of not larger than 1.0 because in clinical situations the resin composite is restored into a concave cavity in which the free surface of the resin composite is always smaller than the adhesive surface.
As discussed above, the experimental dentin bonding system was more effective than the two commercial dentin bonding systems tested because the proportion of the free surface to the adhesive surface leading to a complete marginal seal of the resin composite was as low as 0.33 whereas that of the commercial systems was as high as 0.87. In previous reports, the bonding mechanism of the experimental dentin bonding system was explained by the possible interaction between the high Ca-content in the substrate dentin and the functional monomer in the dentin bonding agent. In addition, the high degree of polymerization of the Ca-monomer compound at the adhesive interface was considered to be essential for dentin bonding19,20). EDTA conditioning had the advantage of removing the smear layer slightly decalcifying the sound dentin beneath the smear layer. Chigira et al. speculated that the GM solution exhibited a complete priming effect in the EDTA-conditioned dentin because it maintained a high monomer content at the adhesive interface which was observed as a high density zone 
